In a recent study, Lançon et al. [1] investigated the dynamics of Brownian particles in a fluid confined to a space between two nearly parallel walls. Using computerized video microscopy, they observed that individual particles drift in the direction of increasing width of the gap between the walls. The effect was interpreted using a Brownian-walker model with a positiondependent step length, which, in the continuum limit, describes Brownian motion in a system with a spatially varying diffusion coefficient D. In the experimental system the diffusivity D varies due to the dependence of the particle hydrodynamic mobility on the gapwidth h.
Here we show that the variation of the diffusion coefficient is not necessary to produce particle drift in a pore with a varying width. In such systems, the drift may also result from the entropic contribution that corresponds to the lateral-position dependence of the number of states accessible to a particle across the gap. This contribution, not considered by Lançon et al., is nonzero even in the absence of a diffusion-constant gradient.
For an unconstrained system, particle drift in the direction of increasing diffusion coefficient can be derived directly from the Smoluchowski equation,
which describes evolution of the probability density p(x) for the particle position x. (Here t is the time, and variation in one spatial direction is assumed.) The evolution equation for the average position of the particle is obtained by multiplying (1) by x, integrating with respect to this variable, and integrating twice by parts. The resulting equation is
where
f (x)p(x)dx, and the prime denotes the derivative with respect to x. For a particle distribution centered at x 0 and diffusion coefficient slowly varying with x, we have D (x) = D (x 0 ); thus (2) corresponds to eq. (6) in [1] with α = 1.
To describe the particle drift along the gap in a confined system, it is in general not sufficient to take the average of relation (2) in the transverse direction (as done in [1] ). Instead, one needs to derive an effective diffusion equation for the Brownian motion in the lateral c EDP Sciences direction. To the leading order in the gapwidth derivative h , the particle distribution does not vary in the transverse direction; thus, p(x, z) =p(x), where x is the lateral and z the transverse coordinate. Accordingly, the probability conservation equation integrated across the gap is ∂ ∂t
where z = 0 corresponds to the particle in contact with the lower wall,h(x) = h(x) − 2a is the available space in the gap, a is the particle radius, P (x) = h(x)p(x), and j x (x, z) = −D(x, z)∂p(x)/∂x is the lateral diffusive flux. The above relations yield
whereD
The effective diffusivity (5) corresponds to the diffusion coefficient measured by Lançon et al.; this can be verified by multiplying (4) by x 2 and integrating to obtain the relation x 2 = 2Dt + O(h ), in agreement with eq. (11) in [1] .
Multiplying (4) by x and integrating (as in the derivation of eq. (2)), we find
where the average . . . is now calculated with respect to the distribution P . Unlike eqs. (6) and (13) in [1] , the above relation predicts a nonzero drift for uniform D. Thus, the drift in the direction of increasing gap would not vanish even if the effect of the walls on the particle hydrodynamic mobility was eliminated, for example by using a particle with a h, and filling the space between the walls with a macroscopically homogeneous porous material. Such an entropically driven drift is not captured by the Brownian-walker model of Lançon et al. [1] . We note, however, that for a spatially varying diffusion constant that satisfies the boundary condition [2] D(x,h(x)) = 0, eq. (6) yields d x /dt = ∂D(x, z)/∂x z . The hydrodynamic mobility of a particle in contact with a rigid wall vanishes due to the lubrication resistance; thus, the approximation used in [1] provides a consistent description of the system used in the experiment.
We have accurately evaluated both terms on the right side of (6) using our recently developed multiple-reflection method [3] . For h/(2a) = 1.5, we foundD/D 0 = 0.38 and 2aD /D 0 = 0.27h , where D 0 is the diffusion constant in an infinite space. For the experimental conditions reported in [1] , this corresponds to ∂ x /∂t = 1.92 × 10 −9 m/s, to be compared with the measured drift rate of 2.2 × 10 −9 m/s. * * * JB was supported by NASA grant NAG3-2704 and SB by NSF grant CTS-0201131.
